Providers in pediatric post-acute care facilities were surveyed about knowledge of and resources for antimicrobial stewardship. All agreed that antibiotics were overused in such pediatric facilities, but 60% had not implemented stewardship strategies. Lack of treatment guidelines (47%) was identified as the most common barrier to antimicrobial stewardship.
The United States is estimated to have at least 100 pediatric longterm care facilities, 1 as well as rehabilitation facilities and adult facilities with pediatric beds, providing comprehensive residential care for medically complex children. Collectively, these facilities are often referred to as post-acute care facilities (PACFs). Children residing in PACFs are at increased risk of infection, owing to agerelated susceptibility to infection, reliance on invasive devices, and underlying comorbidities. 2 Healthcare-associated infections are a significant burden in pediatric PACFs 3 ; colonization and infections with multidrug-resistant organisms also occur in this population. 4 However, data are lacking on antibiotic use in pediatric PACFs. Within adult PACFs, as many as 70% of residents are estimated to be prescribed an antibiotic annually; 40%-75% of prescriptions may be inappropriate. 5 The difficulty of diagnosing infection in adult PACF residents-owing to cognitive impairment of patients, their hearing and speech difficulties, atypical symptoms, lack of access to diagnostic tests, and difficulty obtaining specimens for testing-is believed to contribute to inappropriate antibiotic use 6 ; pediatric PACFs face similar diagnostic challenges. 2 To date, the impact of antimicrobial stewardship in curtailing inappropriate antibiotic use has been evaluated mainly in acute care facilities and some adult PACFs. Although the Centers for Medicare and Medicaid Services recently finalized a rule requiring stewardship programs as a condition for reimbursement for longterm care facilities, 7 antimicrobial stewardship implementation has not been evaluated in pediatric PACFs. This study seeks to address this knowledge gap by surveying PACFs that care for children, to assess knowledge of and resources for stewardship.
METHODS

Study setting
The PACFs were identified with the aid of the Pediatric Complex Care Association, a group that promotes collaboration between organizations providing residential post-acute care for medically complex children (www.pediatriccomplexcare.org); facilities caring for residents 21 years of age or younger were eligible for inclusion. A link to the survey was e-mailed to eligible facilities, requesting that one staff member, preferably an antibiotic prescriber, complete the survey. The survey was available for completion from March 2016 through August 2016. A $25 e-gift card was offered as an incentive, to increase participation. The Columbia University Medical Center Institutional Review Board approved this study.
Survey design
The survey was administered on an Internet-based platform (Qualtrics, Provo, UT), allowing for anonymous responses. The 32-item survey included questions utilizing a 4-point Likert scale, dichotomous choices, and free-text fields. Facility information was collected, including geographic region, 8 number of pediatric beds, and diagnostic resources available. Respondents were asked about their beliefs regarding antibiotic overuse and resistance. Knowledge of antimicrobial stewardship strategies, stewardship practices at each facility, and perceived barriers to implementing stewardship were also assessed.
Statistical analysis
Descriptive analyses to determine response frequencies were performed.
RESULTS
Respondent and facility characteristics
Survey links were sent to 78 facilities; respondents from 34 facilities (44%) completed the survey. Nearly half of the respondents were nursing directors ( Table 1) ; 35% of respondents were antibiotic prescribers.
Facility characteristics and resources are outlined in Table 1 . Many facilities were freestanding pediatric PACFs and self-identified as long-term care facilities. Most had access to bacterial and viral diagnostic testing; fewer had access to point-of-care diagnostic testing including urinalysis (53%) or rapid tests for group A streptococcus (21%), influenza (27%), or mononucleosis (9%). Of the 62% of facilities that used an electronic medical record, 29% utilized automatic stop orders for antibiotic prescriptions. Few facilities had guidelines for management of common infections.
Attitudes about antibiotic overuse and resistance
Most respondents agreed or strongly agreed that antibiotics were overused in pediatric PACFs (88%) and that overuse can contribute to infections with resistant bacteria (88%). Many were very concerned about adverse outcomes associated with antibiotic overuse, including alteration of the gut microbiome (74%), increased healthcare costs (65%), and Clostridium difficile infections (59%). Fewer respondents thought antibiotic resistance was a problem in their facility (65%), compared with other pediatric PACFs (82%) or acute care facilities (88%).
Antimicrobial stewardship: Knowledge, practices, and barriers to implementation
Most respondents (94%) were able to identify one or more recommended antimicrobial stewardship strategies. 9 However, 26% identified at least one strategy that is not recommended currently as a means to improve antibiotic use, such as antibiotic cycling ( Table 2 ). All respondents agreed or strongly agreed that antimicrobial stewardship is needed in pediatric PACFs; 41% had implemented antimicrobial stewardship strategies in their facility. These strategies included audit and feedback (26%) and prior authorization for select antimicrobials (18%). The most commonly identified barrier to improving antibiotic use was lack of treatment guidelines (47%; Table 2 ). Three respondents wrote that caretaker, nurse, and/or respiratory therapist discomfort with not starting empiric antibiotics when residents had a change in clinical status was also a barrier.
DISCUSSION
Most respondents were aware of recommended antimicrobial stewardship strategies and acknowledged that stewardship is needed in pediatric PACFs, but less than half of respondents' facilities implemented such strategies. The fact that lack of treatment guidelines was the most common barrier identified by respondents stands in contrast to findings in adult PACFs that prescriber attitude is the greatest barrier. 10 Treatment guidelines have been published for adult PACFs 5, 11 ; guideline development is a potential stewardship target for pediatric PACFs. Respondents also identified as a barrier discomfort among caretaker and non-physician providers with not starting antibiotics. This finding suggests a need for expanded antimicrobial stewardship education targeting a wide range of stakeholders, including bedside nurses, whose clinical assessments play a substantial role in antibiotic initiation for residents. 5 Limitations of this study include the absence of a comprehensive listing of PACFs that have pediatric residents, which likely prohibited survey distribution to all eligible sites. This factor, along with the small sample size, may limit the generalizability of the findings to all pediatric PACFs. The lack of antimicrobial prescribers among the respondents may have affected the results of measures of perception of antibiotic overuse and resistance. However, nearly half the respondents were nursing directors, who have knowledge of their facility's diagnostic, treatment, and antimicrobial stewardship resources.
Pediatric PACFs have a recognized need for antimicrobial stewardship; developing treatment guidelines for this population is an important stewardship intervention. Future studies should assess strategies to expand antimicrobial stewardship implementation and measure the effectiveness of stewardship in pediatric PACFs.
